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Breast cancer (Latin: carcinoma mammae) - a malignant neoplasm of the 
mammary gland originating in the epithelial tissue. 

SEX 

HORMONAL FACTORS 

GENETIC LOAD 

LIFESTYLE 

LATE DISEASE DETECTION 

Ç Diagnosed breast cancer 
in the world: 2.3 million 
new cases /  year. 

Ç Deaths in 2020: 685,000 
women. 

AGE 
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Chemotherapy for breast cancer 

DOCETAXSEL (doc) PACLITAXEL (ptx) 

http://www .aboutcancer.com/herceptin_0211.htm 

TRASTUZUMAB 
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The pros and cons of chemotherapy 

 

Ç curing the tumor 

Ç growth control (prolongation of the time to 

metastasis) 

Ç reduction of symptoms associated with the 

growth and spread of the tumor 

 

Ç cardiotoxic effect 

Ç bone marrow suppression 

Ç nausea, vomiting, hair loss, 

skin discoloration 

Ç secondary leukemia 



DRUG 
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Aim of the work      Research hypothesis 

Synthesis and biological studies of the group of 

conjugates: 

Ç PAMAM G4ςtrastuzumab 

Ç PAMAM G4ςpaclitaxelςtrastuzumab 

Ç PAMAM G4ςdocetaxelςtrastuzumab 

in search of the most effective anti-cancer 

system. 

PAMAM dendrimer conjugates with anti-

cancer drugs and an antibodymonoclonal 

compounds will  be more effective than free 

drugs. 

 

Co-conjugation of the monoclonal antibody 

will  provideselectivity of conjugates for 

cellsHER2 overexpressing tumors. 
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Synthesis and chemical characterization of conjugates:  
PAMAM-ptx-trastuzumab and PAMAM-doc-trastuzumab 

Marcinkowska, M., Stanczyk, M., Janaszewska, A., Sobierajska, E., /ƘǿƻǊƻǏ, A., Klajnert-Maculewicz, B, Multicomponent conjugates of anticancer drugs and monoclonal antibody with PAMAM 
dendrimers to increase efficacy of HER-2 positive breast cancer therapy. Pharmaceutical Research 2019, 36:154 IF 3,896; 40 pkt. MNiSW  

Ç Nuclear magnetic resonance spectroscopy (1HNMR, 13CNMR) 

Ç Fourier transform infrared spectroscopy (FTIR) 

Ç Reverse phase high performance liquid chromatography (RP-HPLC) 
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Assessment of cytotoxicity of anti-cancer drugs, monoclonal antibodies and 
PAMAM-drug-trastuzumab conjugates 

  IC50 ώҡaϐ 
MCF-7  

24h 
MCF-7  

48h 
SKBR-3  

24h 
SKBR-3  

48h 

trastuzumab >100 >100 >100 >100 

PAMAM-
trastuzumab 

32,46 ҕ 4,47 11,31 ҕ 4,06 2,81 ҕ 1,52 0,41 ҕ 0,06 

Ptx 7,82 ҕ 0,18 2,24 ҕ 0,33 7,31 ҕ 1,54 0,49 ҕ 0,13 

PAMAM-ptx-
trastuzumab 

0,585 ҕ 0,18 0,09 ҕ 0,01 0,72 ҕ 0,21 0,002 ҕ 0,001 

Doc 23,76 ҕ 4,81 9,19 ҕ 3,36 10,75 ҕ 1,50 2,00 ҕ 0,44 

PAMAM-doc-
trastuzumab 

>100 48,85 ҕ 4,82 2,03 ҕ 0,07 0,004 ҕ 0,002 

MCF-7 

(HER2-) 

SKBR-3 

(HER2+) 

aŀǘŜǊƛŀƱ ōŀŘŀǿŎȊȅΥ 

Marcinkowska, M., Sobierajska, E., Stanczyk, M., Janaszewska, A., /ƘǿƻǊƻǏ, A., Klajnert-Maculewicz, B. Conjugate of PAMAM dendrimer, doxorubicin and monoclonal antibody ς 
trastuzumab: The new approach of a well-known strategy. Polymers. 2018, 10 (2), 187. IF 3,681; 40 pkt. MNiSW  
Marcinkowska, M., Stanczyk, M., Janaszewska, A., Sobierajska, E., /ƘǿƻǊƻǏ, A., Klajnert-Maculewicz, B, Multicomponent conjugates of anticancer drugs and monoclonal antibody with 
PAMAM dendrimers to increase efficacy of HER-2 positive breast cancer therapy. Pharmaceutical Research 2019, 36:154 IF 3,896; 40 pkt. MNiSW   
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PAMAM-drug-trastuzumab conjugates 

  IC50 ώҡaϐ 
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24h 
MCF-7  

48h 
SKBR-3  

24h 
SKBR-3  

48h 

trastuzumab >100 >100 >100 >100 

PAMAM-
trastuzumab 

32,46 ҕ 4,47 11,31 ҕ 4,06 2,81 ҕ 1,52 0,41 ҕ 0,06 

Ptx 7,82 ҕ 0,18 2,24 ҕ 0,33 7,31 ҕ 1,54 0,49 ҕ 0,13 

PAMAM-ptx-
trastuzumab 

0,585 ҕ 0,18 0,09 ҕ 0,01 0,72 ҕ 0,21 0,002 ҕ 0,001 

Doc 23,76 ҕ 4,81 9,19 ҕ 3,36 10,75 ҕ 1,50 2,00 ҕ 0,44 

PAMAM-doc-
trastuzumab 

>100 48,85 ҕ 4,82 2,03 ҕ 0,07 0,004 ҕ 0,002 

Test material: 

MCF-7 

(HER2-) 

SKBR-3 

(HER2+) 

Marcinkowska, M., Sobierajska, E., Stanczyk, M., Janaszewska, A., /ƘǿƻǊƻǏ, A., Klajnert-Maculewicz, B. Conjugate of PAMAM dendrimer, doxorubicin and monoclonal antibody ς 
trastuzumab: The new approach of a well-known strategy. Polymers. 2018, 10 (2), 187. IF 3,681; 40 pkt. MNiSW  
Marcinkowska, M., Stanczyk, M., Janaszewska, A., Sobierajska, E., /ƘǿƻǊƻǏ, A., Klajnert-Maculewicz, B, Multicomponent conjugates of anticancer drugs and monoclonal antibody with 
PAMAM dendrimers to increase efficacy of HER-2 positive breast cancer therapy. Pharmaceutical Research 2019, 36:154 IF 3,896; 40 pkt. MNiSW   
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Production of free radicals 

DOC 
DOC > 

MCF-7 
SKBR-3 

2
4

 h
 

Marcinkowska, M., Stanczyk, M., Janaszewska, A., Gajek, A., Ksiezak, M., Dzialak, P., Klajnert-Maculewicz, B. Molecular mechanisms of antitumor activity of PAMAM dendrimer conjugates with 
anticancer drugs and a monoclonal antibody. Polymers. 2019, 11, 1422 IF 3,681; 100 pkt. MNiSW  (opublikowany po 31 lipca 2019 r.) 
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Changes in the mitochondrial potential 

MCF-7 SKBR-3 
2

4
 h

 

PTX 
PTX 

DOC 
DOC   

Marcinkowska, M., Stanczyk, M., Janaszewska, A., Gajek, A., Ksiezak, M., Dzialak, P., Klajnert-Maculewicz, B. Molecular mechanisms of antitumor activity of PAMAM dendrimer conjugates with 
anticancer drugs and a monoclonal antibody. Polymers. 2019, 11, 1422 IF 3,681; 100 pkt. MNiSW  (opublikowany po 31 lipca 2019 r.) 

> 
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Caspase activation 

MCF-7 DRUG caspase 8  caspase 9 caspase  3/7 

TRASTUZUMAB-PAMAM-
DRUG 

caspase 8 caspase 9 caspase  3/7 

SKBR-3 DRUG caspase 8 caspase 9 caspase  3/7           (24h) 

TRASTUZUMAB-PAMAM-
DRUG 
 

caspase 8 caspase 9 caspase  3/7 

Marcinkowska, M., Stanczyk, M., Janaszewska, A., Gajek, A., Ksiezak, M., Dzialak, P., Klajnert-Maculewicz, B. Molecular mechanisms of antitumor activity of PAMAM dendrimer conjugates with 
anticancer drugs and a monoclonal antibody. Polymers. 2019, 11, 1422 IF 3,681; 100 pkt. MNiSW  (opublikowany po 31 lipca 2019 r.) 
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Type of cell death induced 

MCF-7 SKBR-3 
2

4
 h

 

DRUG 
DRUG > 

v 

Marcinkowska, M., Stanczyk, M., Janaszewska, A., Gajek, A., Ksiezak, M., Dzialak, P., Klajnert-Maculewicz, B. Molecular mechanisms of antitumor activity of PAMAM dendrimer conjugates with 
anticancer drugs and a monoclonal antibody. Polymers. 2019, 11, 1422 IF 3,681; 100 pkt. MNiSW  (opublikowany po 31 lipca 2019 r.) 
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Changing the phases of the cell cycle 

MCF-7 SKBR-3 
2

4
 h

 

MCF-7 

24h ptx G2/M doc G2/M 

PAMAM-ptx-T G1 and S PAMAM-doc-T S 

SKBR-3 

24h ptx G2/M doc G2/M 

PAMAM-ptx-T  G1 and S PAMAM-doc-T G1         



SKBR-3 TRASTUZUMAB-PAMAM-PTX TRASTUZUMAB-PAMAM-DOC 

Production of free 
radicals 

Changes in the 
mitochondrial 

potential 

depolarization of the mitochondrial 
membrane 

depolarization of the mitochondrial 
membrane 

Induced cell death necrosis apoptosis 

Caspase activation 

Cell cycle changes 
Cycle stop in phase: 

G1 i S 
Cycle stop in phase: G1 

Summary and mechanisms of action of PAMAM-drug-trastuzumab conjugates 

Marcinkowska, M., Stanczyk, M., Janaszewska, A., Gajek, A., Ksiezak, M., Dzialak, P., Klajnert-Maculewicz, B. Molecular mechanisms of antitumor activity of PAMAM dendrimer conjugates with 
anticancer drugs and a monoclonal antibody. Polymers. 2019, 11, 1422 IF 3,681; 100 pkt. MNiSW  (opublikowany po 31 lipca 2019 r.) 
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Conclusions 

Ç The PAMAM-docetaxel-trastuzumab 

conjugate showed the best selectivity 

against the HER2 + tumor line. 

Ç Anticancer drug conjugates with PAMAM G4 dendrimer and monoclonal antibody are 

more effective than free drugs. 

Ç Co-conjugation of trastuzumab to the surface of the PAMAM G4 dendrimer guarantees a 

significant increase in the antitumor efficacy of the conjugate against HER2 + cells. 

PTX 

DOC 
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